This paper investigates the effect of three different treatments, namely (i) sunlight exposures, (ii) bleaching and (iii) perming on the damage of the keratin fibres (with the use of human hair). Scanning electron microscopy was applied to examine the surface morphology of the samples. Hair samples appeared to be rougher and their scales diminished after the treatments. The degree of colour change of samples was measured using a diffuse reflectance spectrophotometer. All three different treatments caused a certain degree of colour change on the samples. Urea bisulphite solubility test was also employed to investigate the alkaline damage of samples.
Introduction
Hair, as a type of keratin fibre, is the major component of our body image and it functions as a physical barrier between us and the environment. Hair damage, sometimes, is inevitably created when hair has been exposed to environmental stresses and undergone quite severe treatment.
Hair damage refers to the breakdown or removal of structural components or parts of hair that either weaken it or make it more vulnerable to chemical or mechanical breakdown (Robbin, 2002; David, 2001 ; Nogueira & Joekes, 2004 ).
In our daily life, sunlight exposure, cosmetic treatments like permanent perming and bleaching are known to altering hair quality; however, related quantitative data are no avaiilable. In this paper, such hair damage conditions are simulated and the damaging effect relating to morphological structure, hair colour change, chemical change as well as tensile strength are studied with a view to collecting more quantitative data of hair damages.
Experimental

Materials
Tresses of virgin dark brown hair, approximately 4g and 20cm long, were prepared in parallel and grey hair was removed so as to obtain more uniform and accurate result. The hair samples were washed by shampoo followed by conditioner and dried at room temperature. The samples were then conditioned at 21 ± 1 o C with relative humidity of 65 ± 2% for 24 hours prior to further treatment.
Exposure to Sunlight
The purpose of the experiment is to simulate the actual condition of natural sunlight exposure.
The hair samples were exposed to the Xenon lamp (Xenotest Alpha Light Exposure & Weathering Test Instrument) for 32, 64 and 96 hours respectively.
During the exposure period, the hair samples were rotated at regular time intervals in order to achieve even exposure. After exposure, the hair samples were conditioned at 21 ± 1 o C with relative humidity of 65 ± 2% for 24 hours prior to further assessment.
Hair Perming
Three commercial perming solutions from the same manufacturer were used which are (i) perming solution R (especially designed for resistant hair and consists of two components; namely a perming lotion at pH 10 and a neutraliser at pH 3 respectively),
(ii) perming solution N (especially designed for normal hair and consists of two components; namely a perming lotion at pH 9 and a neutraliser at pH 3 respectively) and (iii) perming solution C (especially designed for coloured hair and consists of two components; namely a perming lotion at pH 7 and a neutraliser at pH 3 respectively).
Tresses of hair samples were wrapped onto the curl shaper and 4 ml of perming lotion was applied to each sample evenly and kept for 20 minutes. After processing, hair samples were rinsed thoroughly with warm deionised water at 40 o C for 5 minutes. The excess water was blotted dry and 2.7 ml of neutraliser was applied to hair for 5 minutes.
Afterwards, the curl shapers were carefully removed and 1.3 ml of the neutraliser was applied and kept for a further 5 minutes. Hair samples were then rinsed thoroughly with warm water at 40 o C for 10 minutes. They were then dried at room temperature and finally conditioned at 21 ± 1 o C with relative humidity of 65 ± 2% for 24 hours prior to further assessment.
Hair Bleaching
This experiment was carried out to simulate the damaging effects of hydrogen peroxide when hair bleaching is performed. Tresses of hair samples were immersed into bleaching solutions with different concentrations (6%, 9% and 12%) of hydrogen peroxide with 20% ammonia solution at pH 10 for 20 minutes (Harrison & Sinclair, 2004) .
After processing, the hair samples were rinsed thoroughly with warm deionised water at 40 o C for 5 minutes. The samples were then conditioned at 21 ± 1 o C with relative humidity of 65 ± 2% for 24 hours prior to further assessment.
Scanning Electron Microscopy (SEM)
The surface images of the hair samples were investigated by a Leica Stereoscan 440 scanning electron microscope with magnification of 10,000X.
Colour Change
The change in hair colour was measured by GretagMacbeth Colour-Eye 7000A using D 65 Daylight with 10 o standard observer. The reflectance spectra can provide values of L* (lightness/ darkness of colour), a* (red/ green ratio), and b* (yellow/ blue ratio) from the CIE L*a*b* system of equations. Based on the colour difference parameters namely ∆L* (lightness difference), ∆a* (red-green difference), ∆b* (yellow-blue difference), the total color difference (∆E = [(∆L*) 2 
) can be calculated (Kortemeier, et al., 2004 , Wis-Surel, 1999 ).
Solubility of Hair
The urea-bisulphite solubility of the hair samples was determined according to BS 3584: 1989.
Tensile Strength Test
The tensile strength of the hair samples was measured by Instron 4411 with a 5 N load cell operating at 100 mm/min constant speed using a sample holder as shown in Figure 1 (Robbins, 2002) . Test (Robbins, 2002) 3. Results and Discussion
Exposure to Sunlight
The SEM picture of the untreated hair sample is shown in Figure 2 in which it is a healthy hair sample without undergoing any damaging exposure and cosmetic treatment. The SEM picture shows a normal overlapping intact cuticle and scales of sample which can be clearly defined. The surface damage tends to be more severe when the sunlight exposure time is increased to 64 hours continuously ( Figure 4 ). Under 96 hours of sunlight exposure ( Figure 5 ), the photo-oxidation effect was enhanced and some pits physically appeared on the hair sample surface.
With regard to the subjective hand evaluation, hair fibres appeared to be bulkier and rougher after exposure to sunlight and such performance was further enhanced when the exposure duration was increased.
At the same time, the hair samples had obvious burning smell that may be caused by photo-oxidation. The smell tends to be more obvious when the exposure time is increased. Figure 6 presents the colour change of hair samples exposed to different sunlight duration in term of ∆E value. The larger the ∆E value, the larger the amount of colour change of samples.
The ∆E of hair samples shows an upward trend when the duration of sunlight exposure is increased. The ∆E increases from 0.68 to 1.53, which is about twice the value of the sunlight exposure that has been accumulated from 32 hours to 96 hours. Figure 7 shows the urea bisulphite solubility of sunlight damaged hair samples. The urea bisulphite solubility of hair gradually decreases when the sunlight exposure time is increased. The solubility of the control sample is 2.89%; there is a further drop to 2.16% when the exposure of sunlight is accumulated to 96 hours. The results show that the solubility of hair samples is inversely proportional to hair damage when the sunlight exposure time is prolonged. Figure 8 presents the tensile strength of sunlight damaged hair samples. The results show that the breaking load of hair samples decreases moderately when exposed to sunlight. The breaking load of the control sample is around 94.13N but it drops to 76.95N when the sunlight exposure duration is accumulated to 96 hours. It can also be seen that the trend curve is fattened between 64 hours and 96 hours of sunlight exposure, implying that the effect of sunlight damage on tensile strength has already reached the saturation.
In the sunlight exposure, only wavelengths above 290nm are effective in natural photo-damage; melanin and keratin compete for the absorption of photons between 254 and 345nm. From keratin only the cystine and the aromatic amino acid residues tyrosine, tryptophan and phenylalainine absorb light within this wavelength range (Hoting, et al., 1995) .
The primary reaction of hair photodegradation occurs at or near the hair surface (as shown in Figures 3 to 5 ) and involves degradation of cystine residues. The possible reaction products of photolysis and photo-oxidation of cystine in hair following the formation of thiyl (HOOC-CH(NH 2 )-S·) and perthiyl (HOOC-CH (NH 2 )-SS·) radicals are trisulphide, tetrasulphide, lanthionine, alanine, dehydroalanine, cysteine, hydrogen sulphide, S-sulphocysteine, cysteine sulphenic acid and in the final oxidation state cysteic acid (Robbins, 2002) .
The hair pigments (eumelanins and pheomelanins) function to provide some photochemical protection to hair proteins, especially at lower wavelengths where both the pigments and the protein light (Hoting, et al., 1995) .
Hair pigments accomplish this protection by absorbing and filtering the impinging radiation and subsequently dissipating this energy as heat, the pigments themselves being degraded or bleached. In the absence of melanin, the hair is more strongly affected and hence the colour change of hair sample occurs in proportional to the exposure time as shown in Figure 6 .
The decrease of cystine content along the hair fibre due to photodamage of the hair protein does not necessarily imply a higher solubility of amino; residues may occur as well (Rantnapandian, et al., 1998).
When an extensive damage of fibre under prolonged sunlight exposure, e.g. 96 hours, occurs, the breaking of disulphide bridges with the formation of cysetic acid and by main chain scission causes a formation of secondary crosslinks between protein residues such as lanthionine (Schafer, et al., 1993 ) and dityrosine (Stewart, et al., 1997) which limit the extractability of the protein from the hair and this explains why the urea-bisulphite solubility in Figure 7 does not decrease much when compared with the control sample.
Under the sunlight exposure, the hair is claimed to be more brittle, stiffer and drier than before irradiation, it exhibits a reduced water sorption capacity and a lower tensile strength as shown in Figure 8 .
The loss in strength is due to photo-oxidation, C-S and S-S bond cleavage, decarboxylation and deamination; the relative importance of these processes varies in broad ranges and depends on the morphological part of the fibre where it takes place (Robbins, 2002 ).
Exposure to Hair Perming
Figures 9 to 11 demonstrate the surface morphology of the hair samples under different perming conditions. Figure 9 illustrates the surface morphology of the hair sample which has been permed with perming solution C. Since the pH of the perming lotion is maintained at pH 7, the hair sample does not have serious damage on the surface but appears to be rougher than that of the normal healthy hair (Figure 2 ). Figure 10 shows the SEM picture of the hair sample which has been permed with perming solution N. Hair surface is rougher with some particles deposit on the hair surface, which may be the perming lotion residue. Figure 11 is the SEM picture showing the hair that has been permed with perming solution R where some lifting cuticles are observed on the hair surface. This may be caused by the attack of the perming lotion with high alkaline pH value. The colour change (∆E) result of the perming hair samples is shown in Figure 12 . The ∆E of the hair samples increases when the pH of perming lotion is more alkaline. When the hair sample has undergone a perming treatment at pH 7, the ∆E does not increase obviously.
However, the ∆E value of samples increases to 0.88 and 1.03 when the pH of perming lotions is at pH 9 and pH 10 respectively. The colour degradation of hair samples seems significant under these two various perming treatments, which is probably due to the fact that the ingredients of perming lotion and neutraliser constitute to a larger oxidation effect (Wis-Surel, 1999). Figure 13 illustrates the urea bisulphite solubility result of the perming damaged hair samples. The findings indicate that the solubility of hair samples is inversely proportional to hair damage when the pH of perming treatments is more alkaline. The solubility of control sample is 2.89%, which is slightly higher than 2.78% of the perming treatment conducted at pH 7. However, when the perming treatments are carried out at pH 9 and pH 10, the solubility further declines to 2.34% and 2.29% respectively. Figure 14 illustrates the tensile strength result of the perming damaged hair samples. The breaking load of the hair samples shows a descending trend when subject to the perming treatments. It slightly drops from 94.13N of the control sample to 89.25N of the perming treatment at pH 7, which is relatively a gentle perming lotion. The breaking load continuously decreases to 78.53N and 76.28N when the perming lotions are at pH 9 and pH 10 respectively. It is obvious that the pH of perming lotion has a strong relation with the tensile strength of hair, i.e. the breaking load declines when the pH of perming lotion is more alkaline.
Cold perming process was used in this paper where there are two phases of application: (a) the reducing action of the perming lotion and (b) the action of the neutralizer which is generally oxidizing. The first phase is intended to act chemically on the bonds determining the cohesion of the protein structure: covalent disulphide crosslinkages, ionic bonds, or hydrogen bonds. The object is to plasticize the fibre momentarily, so as to render it deformable without elasticity.
The hair is wetted with a reducing solution and rolled on curlers so that the imposed deformation is in the shape of curls.
In the second phase, the curls are set by restoring the initial chemical structure to the fibre. Rupture of ionic linkages or hydrogen bonds only leads to temporary hair deformations. The cleavage of cystine links and their subsequent reforming in a new position of the process afford permanent deformation (Ratnapandian, et al., 1998) .
During the cleavage of cystine links, the pH is a critical factor (Robbins, 2002 ).
In the alkaline media, side reactions may occur as:
(i) formation of lanthionine which limits the extractability of the protein from the hair and this explains why the urea-bisulphite solubility in Figure 13 does not decrease much when compared with the control sample (Schafer et al., 1993 ) and
(ii) peptide bond hydrolysis leading to the reduction of tensile strength as shown in Figure 14 .
Exposure to Hair Bleaching
Figures 15 to 17 demonstrate the SEM pictures of the sample treated by bleaching with 6%, 9% and 12% H 2 O 2 respectively . With the 6% H 2 O 2 treatment, it is quite clear to see that the cuticles of hair are lifted after undergoing the treatment. The damage may be caused by the oxidation process during the bleaching treatment (Hoting, et al., 1995; Ratnapandian, et al., 1998) .
The hair damage becomes more serious when the concentration of hydrogen peroxide is increased. In Figure 16 , it is obvious that the lifting of the cuticle cells is more severe when the hair sample is bleached with 9% H 2 O 2 . Under the influence of 12% H 2 O 2 treatment, the scales in the hair sample surface are diminished and they cannot be clearly defined. The cuticles cells are lifted more seriously when compared with those samples bleached with 6% H 2 O 2 and 9% H 2 O 2 . Figure 18 demonstrates the colour change of the bleaching damaged hair samples. The colour degradation of the samples by bleaching damage is conspicuous when compared with the other two hair damage treatments. The ∆E of the hair samples increases in direct proportion when the bleaching level is increased. The ∆E increases rapidly from 9.05 to 18.42, which is approximately twice the value of the bleaching level that has been increased from 6% H 2 O 2 to 12% H 2 O 2.
The urea bisulphite solubility of the bleaching damaged hair samples is presented in Figure 19 . The results show that there is a rapid decrease in the urea bisulphite solubility when the hair samples have undergone the bleaching treatments. The solubility drops from 2.89% to 1.77% when the bleaching treatment is conducted with 12% H 2 O 2 .
It is probably due to the fact that the bleaching solution conducted with 12% H 2 O 2 will contribute to a strong alkaline damage in hair samples. Such highly stable lanthionine linkages formed inside the alkali-damaged hair samples will make the hair less soluble in urea bisulphite solutions (Schumacher-Hamedat, 1985) .
The tensile strength result of bleaching damaged hair samples is expressed in Figure 20 . The breaking load of hair samples falls significantly when subject to the bleaching treatment. The colour of the human hair is due to the inclusion of melanin granules in the hair fibre during kertinsation. The aim of bleaching is to eliminate or tone down the hair colour, this being accomplished by oxidation. During bleaching, the melanin pigment undergoes irreversible physicochemical changes and the colour of the hair fibres is changed, but the fact the pigment granules are distributed within the cortex of the fibre induces simultaneously some oxidation of the keratin matrix (Johnson, 1997; Zviak, 1986; Pande, et al., 2001 ). During the bleaching process with H 2 O 2 , the reactivity of melanin with regard to H 2 O 2 is high and this causes a large colour change with the increase in the concentration of H 2 O 2 as shown in Figure 18 .
The bleaching agents can oxidize the disulphide bonds to cystine oxides (intermediate products with intact S-S bonds) and sulphur acids (e.g. cysteic acid, where the S-S bonds is cleaved); under extreme conditions and the disulphide bridge is degraded to inorganic sulphate (Schumacher-Hamedat, 1985) .
Since the bleaching compositions are working at pH 10, side reaction as hydrolysis of the peptide and amide bonds and formation of new crosslinkage as lanthionine or lysinoalanine are possible. The formation of new crosslinkages will decrease the solubility of the hair proteins as shown in Figure 19 . The oxidative scission of disulphide bonds may lead to the decrease of crosslinkage density of the protein leading to a decrease in the tensile properties as shown in Figure 20 .
Conclusion
In this paper, three different damages including sunlight exposures, bleaching and waving (perming) treatments were simulated. Four different testing methods were applied to evaluate the degree of damage with respect to the surface morphology, colour change, chemical change as well as tensile strength.
Scanning electron microscopy was applied to examine the surface morphology of three different types of damaged samples in order to evaluate the degree of surface damage. Hair samples appeared to be rougher and their scales diminished after undergoing the damaging treatments. Of the three different damages being simulated, the bleaching samples had the most severe surface damage with obvious lifting of the cuticle cells as reflected by the surface morphology.
The degree of colour change of the damaged samples was measured using the diffuse reflectance spectrophotometer. All three different damages also underwent a certain degree of colour change. Of the three types of damages being simulated, the bleaching treatment caused the highest colour changing effects on the hair samples. This may be attributed to the strong oxidation produced by the hydrogen peroxide with ammonia.
Urea bisulphite solubility test was also employed to investigate the alkaline damage of the hair samples. The results illustrate that the urea bisulphite solubility of the hair samples conformably decreased when they were subject to these three types of damages.
With respect to the tensile strength property, the results indicates that the breaking load of the treated samples decreased dramatically after undergoing three different types of damaging treatments. This is probably due to the fact that during the damaging process, the hair samples may be weakened in terms of physical and/ or chemical structure. As a result, less force is required to break the fibre when compared with the control samples.
On the whole, the evaluation of surface morphology, colour change, chemical change and tensile strength property indicates that bleaching is the most severe damaging process for hair among the three different types of treatments. Hair condition is considerably important for cosmetic treatments; one of them is hair colouring. The damaging effect will highly determine the colour uptake and colour fastness properties of hair colourants.
